Background Diabetic nephropathy (DN) is the major cause of end-stage renal disease. Recent studies suggest that it is probable that uric acid is involved in the pathogenesis of diabetic nephropathy. This study aim was to investigate the association between serum uric acid and kidney function in Iranian patients with type 2 diabetes mellitus. Methods In this case-control study, a total of 201 diabetic patients with or without impaired kidney function (glomerular filtration rate/GFR < 60 and GFR ≥ 60) were selected. In both groups, serum fasting glucose (FBS), HbA1c, urea, creatinine, uric acid and lipid profile, urine albumin and GFR were measured and results were compared between the two groups. The results also categorized into three groups based on uric acid tertiles. Results Serum levels of uric acid, urea and creatinine as well as urine albumin/creatinine ratio (ACR) were significantly different between the two groups. GFR, creatinine and also urea were significantly different between uric acid tertiles (p < 0.05). Conclusions Serum uric acid is associated with decreased GFR as well as albuminuria and can be used as an indicator of DN.
Background
Diabetes Mellitus (DM) is one of the most common endocrine diseases and a big health challenges in the world, especially in developing countries which increasing prevalence in conjunction with poor control result in severe complications which are the most common causes of morbidity and mortality of diabetes [1, 2] . Diabetic nephropathy (DN) is the major cause of end-stage renal disease and 50% of end stage renal diseases (ESRD) are related to DM [3, 4] . It is predicted that about 50% of diabetic patients to develop DN after more than 20 years of diabetes. DN is characterized by pathological excretion of albumin in urine, glomerular lesions, and decreased glomerular filtration rate (GFR). DN is a multifactorial disease and different factors such as hyperglycemia, accumulation of glycated proteins, inflammation and also genetic factors influence the development of DN [5] .
Although yet diagnosis of DN is based on detection of unusual albuminuria, but in some cases decreased GFR is present while urine albumin excretion is normal. In addition, diabetes may be accompanied by other non-diabetic renal disease in the absence or presence of DN which cannot be identified from DN [6] . Therefore, it seems that current methods for identification of DN are not ideal. Many studies have focused on the finding appropriate ways for early diagnosis of diabetes complication to prevent their occurrence or progression in many countries including Iran [7] [8] [9] [10] [11] [12] [13] .
Recent studies suggest probable role of uric acid in the pathogenesis of DN [14] . Uric acid is the end product of purine metabolism, which is produced fromendogenous (purine nucleic acids metabolism) and exogenous (foods) sources and is excreted in urine.
The association of uric acid with different disorders including hypertension, metabolic syndrome, and cardiovascular disease has been confirmed, previously [2, [15] [16] [17] [18] .
Some studies in patients with diabetes (type 1 and 2) have shown that uric acid is an independent risk factor for DN development [19] [20] [21] [22] [23] .
Regarding to availability and inexpensive measurement of uric acid compared to urine albumin, this parameter can be measured easily in different laboratories and may help in better and faster diagnosis of DN.
The aim of this study was to investigate the association between serum uric acid and renal function in patients with type 2 DM in order to find its value for DN diagnosis.
Methods

Subjects
In this case-control study, a total of 201 diabetic patients aged 30-75 years with or without diabetic nephropathy(GFR < 60 and GFR ≥ 60) and a history of more than 5 years of diabetes, referred to Diabetes Clinic affiliated to Tehran University of Medical Sciences, were included. Patients with heart failure, urinary tract infection, uncontrolled hypertension and diabetes (HbA1c > 9%), pregnancy, acute infections, hematuria, antihyperuricemic medication and recent heavy exercise were excluded.
The study protocol was approved by the Ethics Committee of the Endocrinology and Metabolism Research Institute (EMRI) affiliated to Tehran University of Medical Sciences and all participants signed written informed consent.
Clinical and laboratory measurements
Blood pressure was measured after 20-min rest in a sitting position and body mass index (BMI) was calculated after measurement of height and weight.
A venous blood sample was obtained following an overnight fasting and early morning urine was collected. Serum samples were separated and stored in −70 C°until assay. In both groups, biochemical parameters including serum levels of glucose, urea, uric acid, triglyceride, cholesterol, Highdensity lipoprotein cholesterol (HDL-C), Low-density lipoprotein cholesterol (LDL-C), creatinine and urine albumin and creatinine were measured by commercial kits (Pars Azmun kit, Iran) and urine albumin to creatinine ratio (ACR) was calculated. HbA1c level was measured by High Performance Liquid Chromatography (TosohG8, Tosoh Bioscience, Japan) and Modification of Diet in Renal Disease (MDRD) formula was used for GFR calculation.
Statistical analysis
The results were classified based on GFR values and compared by independent sample t-test. The results were also categorized into three groups based on uric acid tertile levels tertile: >48 mg/g). Joint effects of uric acid and ACR tertiles were investigated.
Data analyzed using SPSS software version 21.00 for Windows by application of proper tests and p_ value equal or less than 0.05 was set as significance level.
Data availability Data is available and will be sent on editor request. 
Results
Patient's demographic and biochemical parameters are given in Table 1 . Patients with GFR less than 60 were older and had significantly higher systolic blood pressure, serum creatinine, urea, uric acid and urine ACR. Table 2 shows the result of comparison between uric acid tertile groups. Post hoc analysis demonstrated significant differences in serum creatinine, urea and GFR values between three groups. Linear regression analysis found a positive association between uric acid level and Ln ACR (β: 3.57 95% CI (3.21-3.93), P value: <0.001) in patients with ACR > 30 mg/g (r 2 : 0.13). In a same analysis, we found a significant association between increasing of GFR and decreasing of systolic blood pressure and also uric acid level (r 2 : 0.19) ( Table 3) . Multiple logistic regression analysis for evaluation of GFR values in different uric acid tertiles after adjusting for age and sex showed, second tertile of uric acid was associated with a decreased risk for GFR < 60 compared with the first tertile. Also third tertile of uric acid was associated with an increased risk for GFR < 60 compared with the first tertile (Table 4) .
Finally Joint effects of uric acid and ACR tertiles were investigated and the result was shown in Fig. 1 . Patients who were in both 3 rd tertile of uric acid and ACR had lowest mean of GFR. In each tertile of uric acid, GFR showed a marked decline, with increasing ACR tertile. The same results were obtained when rise of uric acid was evaluated in each tertile of ACR.
Discussion
The results of present study showed that uric acid in high normal levels is associated with decreasing GFR and increasing of urea and creatinine even after adjusting for confounding factors, including age and sex. In patients with ACR > 30 mg/ g, there was a significant association between LnACR and uric acid values.
Influence of uric acid on renal function is not fully understood. It is not clear whether increased uric acid is a result of renal insufficiency, or vice viscera a risk factor for renal insufficiency [24] . Several studies signify the role of uric acid as an independent factor in development of albuminuria and chronic kidney diseases (CKD) in non diabetic population [25] [26] [27] [28] . Also, studies have shown that uric acid is a useful tool for prediction of contrast-induced nephropathy [23] .
There are also evidence about association of high-normal level of uric acid and CKD in patients with DM [12] . Some of previous studies in diabetic patients have reported uric acid as an independent risk factor for DN [19] [20] [21] [22] [23] . A recent Mann-Whitney U P-value<0.05 Between tertile 1,2 †, Between tertile 1,3 ‡, Between tertile 2,3* BMI, body mass index; GFR, glomerular filtration rate; FBS, fasting blood sugar; ACR, albumin to creatinine ratio study in Taiwan showed that increased serum level of uric acid is significantly associated with severity of albuminuria and retinopathy in diabetic patients [29] . In a cross sectional study Rosolowsky showed the association of high serum level of uric acid with low GFR and increased urinary albumin excretion [30] . In two different studies on patients with type1 DM, follow-up of patients showed strong association between high serum levels of uric acid and DN [21, 31] .
In a prospective observational study on Japanese patients with DM type 2, high serum uric acid concentration was associated with reduced GFR in 12 months [32] . In a 5-year followup of Italian patients with DM type 2, hyperuricaemia was recognized as an independent risk factor for the development of DN [19] . A cross-sectional study on 343 Japanese men with type 2 DM, positive correlation was found between serum uric acid concentration and albuminuria [33] . Another cross-sectional study in china demonstrated that serum uric acid level was positively correlated with albuminuria and creatinine levels but negatively with GFR [34] .
Our results are in line with the above studies. We found that high-normal uric acid level is associated positively with urea and creatinine and negatively with GFR. The difference is that we found significant correlation between serum uric acid level and urinary albumin excretion only in patients with ACR more than 30 mg/g. The reason might be difference in study design. Patients enrolled in present study had HbA1c less than 9% and had controlled blood pressure with urinary albumin excretion between 30 and 300 mg/g cr or mg/24 h.
The effects of uric acid on development of renal disease are still not entirely clear. Animal models studies have shown that uric acid can affect renal function via a variety of mechanisms. Uric acid is a potent antioxidant in the extracellular environment; on the other hand, it can act as a pro-oxidant inside the cell. Furthermore uric acid can be associated with endothelial dysfunction, inflammation, proliferation of vascular smooth muscle cells, increasing systemic and glomerular blood pressure and also decreasing renal blood flow [4, 24, 35] .
Due to the cross-sectional nature of this study, we were unable to prove a causal association between uric acid and DN and this is a limitation of our study. Confirmation of such association must be obtained in additional prospective studies. Since the DN is a multifactorial disease and many factors may influence the development of DN, the results of present study should be interpreted carefully.
Conclusion
In conclusion, serum uric acid is independently associated with decreased GFR and kidney function and can acts as an indicator of DN.
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